Estrogen is used to induce puberty in peripubertal girls with hypogonadism. Although both synthetic and natural forms are available, along with different routes of administration, in the UK oral ethinyl estradiol and the low-dose oral contraceptive pill are commonly used as hormone replacement therapy for practical reasons. We present five peripubertal girls (aged 12.5-14.9 years) with hypogonadism (two with primary hypogonadism due to Turner syndrome and three with central (secondary) hypogonadism as part of multiple pituitary hormone deficiency) who for a variety of reasons have received milligram doses of estradiol (E 2 ) in error for between 6 weeks and 6 months, instead of the expected microgram doses of ethinyl estradiol. Although there are no direct comparisons in peripubertal girls between synthetic and natural estrogens, all girls had vaginal bleeding whilst receiving the milligram doses and have ended up with reduced final heights, below the 9th centile in 1 and below the 2nd centile in 4. Whilst reduction in final height may be part of the underlying condition (especially in Turner syndrome) the two girls with height predictions performed prior to receiving the estrogen overdose have not achieved their predicted height. Estrogen is one of the few drugs which is available in both milligram and microgram formulations. Clinicians need to be alert to the possibility of patients receiving the wrong formulation and dosage in error.
Background
In pediatric practice, there are several groups of female patients who fail to have spontaneous pubertal development. This includes those with primary gonadal failure such as Turner syndrome, or central gonadotropin deficiency secondary to hypothalamo-pituitary dysfunction, e.g. intracranial tumors and their treatment. The role of hormone replacement therapy (HRT) in these patients is to i) mimic physiologic puberty, ii) enhance normal growth, iii) induce and maintain normal menstruation, iv) support normal bone maturation and calcification, v) initiate and maintain normal brain cell growth and plasticity and vi) preserve the woman's psychosexual well-being (1) .
Whereas in adult practice in the UK the natural estrogen 17-b estradiol is more commonly prescribed as HRT, most UK pediatric endocrinologists use ethinyl estradiol to initiate puberty on the grounds of convenience (2, 3) and also unavailability of low-dose oral natural estrogen preparations. We report five cases of iatrogenic vaginal bleeding due to incorrect prescribing of estradiol in young female hypogonadal patients.
Case presentation
See also summary in Table 1 .
Case 1
This girl has a Turner syndrome mosaic karyotype (45X/46 XY(dic)). Because of her Y chromosome material, she had a prophylactic gonadectomy performed in childhood. In addition to growth hormone (GH) therapy, the decision to start estrogen replacement was made at 14.9 years. A letter to the general practitioners was written requesting them to prescribe 2 mg ethinyl estradiol daily. At the next clinic attendance 6 months later the patient reported frequent periods with breakthrough vaginal bleeding, in association with significant mood swings. On checking, it was discovered that she had been receiving 2 mg estradiol valerate (Zumenon, Solvay Healthcare Ltd, Southampton, Hampshire, UK) daily. The estradiol was stopped temporarily for 2 weeks, and the patient was then recommenced uneventfully on 2 mg a day of ethinyl estradiol. Her final height is now 151.7 cm, achieved at 17.0 years of age.
Case 2
This girl has hypopituitarism (GH, adrenocorticotropic hormone (ACTH), thyroid-stimulating hormone (TSH) and gonadotropin) (luteinising hormone (LH) and follicle-stimulating hormone (FSH)) deficiency secondary to cranial irradiation for a metastatic medulloblastoma. She was commenced on estrogen replacement (initially ethinyl estradiol 2 mg daily) at the age of 13.3 years. Six months later, her ethinyl estradiol dose was increased to 5 mg daily. Whilst this was intended to be given as half a 10 mg tablets of ethinyl estradiol it was instead erroneously given as 2!2 mg tablets of ethinyl estradiol and a 1 mg tablet of 17-b estradiol. She was reported to have had some vaginal bleeding. Once the mistake was noticed she was recommenced on 6 mg of ethinyl estradiol administered as 3!2 mg tablets daily. Her final height is 151.7 cm, achieved at the age of 16.4 years of age, having had an estimated height prediction (TW-2 method) prior to the estrogen overdose of 154.3 cm.
Case 3
This girl has Turner syndrome (45XO karyotype), with no ovarian tissue visible on pelvic ultrasound (so-called 'streak gonads'). As well as receiving GH therapy, the decision to start estrogen replacement was made at the age 
Case 4
This girl has multiple pituitary hormone deficiencies (GH, ACTH, TSH and gonadotrophins (LH and FSH)) and is receiving therapy with GH, thyroxine and hydrocortisone. Estrogen replacement (ethinyl estradiol 2 mg daily) was commenced at 12.5 years of age. Mistakenly, the patient received estradiol valerate 2 mg for 2 1 ⁄ 2 months following a dispensing error. Once this was noticed, she was changed back to 2 mg ethinyl estradiol (as originally prescribed) which resulted in some vaginal spotting for a week, presumably due to an estrogen withdrawal bleed. She had marked prominence of nipples and areolae, but was otherwise prepubertal. She has now achieved a final adult height of 145.9 cm at 16.5 years of age, having had a height prediction (TW-2 method) of 152.8 cm prior to commencing estrogen.
Case 5
This girl has b-thalassemia major, and is maintained on a regular transfusion regime. She was found to have GH deficiency, with secondary hypothyroidism and gonadotropin deficiency at the age of 12.1 years, presumed secondary to iron overload. At this stage, she was commenced on GH therapy and also ethinyl estradiol (initially 2 mg a day). At 13.6 years of age, she received estrogen 1 mg a day for 2 months in addition to her prescribed 5 mg a day of ethinyl estradiol. This produced two cycles of vaginal bleeding, with subsequent breakthrough bleeding when the ethinyl estradiol was increased to 10 mg a day. She has now achieved a final height of 153.2 cm at 17.5 years of age.
Discussion
Estrogen replacement has an important role in the management of puberty in girls with gonadal failure. The secretion of estrogen during adolescence contributes to the growth spurt of early puberty by affecting cartilage growth and an increase in GH secretion, but also produces epiphyseal fusion (4). Estrogen can be administered via depot and gel formulations and with the availability of patches which can be cut without damaging their integrity, transdermally. Whilst the latter are probably now the preferred method (5), most regimens within the UK have and continue to be based around low-dose oral estrogen therapy. The oral estrogen formulations commonly used are either 17-b estradiol or ethinyl estradiol. The use of the latter in pediatrics is driven by practicalities rather than science (3). It is the most convenient low-dose estrogen available for pubertal induction, available in 2 and 10 mg tablets, whereas, unlike in other countries, 17-b estradiol is not available within the UK in low-dose oral formulations. The oral contraceptive pill (OCP) is also considered more 'peer-friendly' to young women than HRT (3), which is commonly used in post-menopausal women. Unlike HRT, however, which provides constant estrogen when used in a conventional manner, the OCP provides supraphysiological levels for 3 weeks and then none for 1 week when the patient may be symptomatic of estrogen deficiency.
17-b estradiol is the naturally occurring human estrogen (6), which is variably absorbed and undergoes hepatic transformation to the less active estrone. Ethinyl estradiol is a synthetic analog of 17-b estradiol, and the ethinyl substitution at the C-17 site inhibits first-pass metabolism. ethinyl estradiol also binds irreversibly to the estrogen receptor, resulting in a longer action, and accordingly, a much smaller dose of ethinyl estradiol is needed (7) . The relative potency of ethinyl estradiol and 17-b estradiol varies amongst the different actions of estrogen. No comparative studies have been carried out on these two agents with regards to their effects on secondary sexual characteristics, height velocity and bone maturation. Measurement of a highly estrogen-inducible plasma protein (the pregnancy zone protein/pregnancyassociated alpha 2-globulin (PZP/PAa2 G)) in postmenopausal women suggests that ethinyl estradiol has a potency 500 times more than 17-b estradiol and 650 times more than estradiol valerate (8) . Estimates from the pharmaceutical company (Solvay Healthcare Ltdpersonal communication), however, suggest that 1 mg ethinyl estradiol is equivalent to 100-250 mg 17-b estradiol. The administration of 2 mg 17-b estradiol as opposed to 2 mg ethinyl estradiol would therefore appear to result in an approximately four to tenfold increase in the intended estrogen dose. As with our girls, this may cause an estrogen-induced uterine bleed with associated anxiety for the child and their parents. It could also potentially reduce the patient's final height by accelerating epiphyseal fusion, and it is noteworthy that all children have now stopped growing, and four of five have achieved final heights below 152 cm. Moreover, the two girls who had bone ages performed prior to their estrogen overdose have reductions in their final height compared to prediction of 2.6 cm (Patient 2) and 6.9 cm (Patient 4) respectively. It is not standard policy to perform routine bone ages in girls with Turner syndrome, and the third patient with hypopituitarism (Patient 5) only had bone ages performed after her estrogen overdose; so, height predictions are not possible to estimate in these three patients. Whilst highdose estrogen has been used in order to reduce final height in tall girls (9, 10), short stature may also reflect their underlying disorder rather than any adverse effects of treatment. This is particularly true for the girls with Turner syndrome, as this condition is associated with a reduction of approximately 20 cm in final height (5). Short stature and pubertal problems are also well-recognised in b-thalassemia major, the former due to dysfunction within the GH-IGF1 axis and chelation-related bone dysplasia, with hypogonadism usually due to gonadotropin deficiency secondary to iron overload (11) . In addition, longterm high-dose estrogen treatment has also now been implicated with sub-fertility (9) as well as malignant and non-malignant tumours in adulthood (10) . Although our patients were treated for shorter period of time than these groups, long-term surveillance will be necessary. Apart from patient 4 who is currently transitioning, all of these patients have now been moved to adult care, where ongoing follow-up (including of fertility) will be carried out.
There are few drugs where formulations are available in microgram or milligram doses, leading to the potential for such mistakes being made. An email sent to members of the British Society for Paediatric Endocrinology and Diabetes (BSPED) has revealed a number of additional patients who had similar mistakes (personal communication). As with our patients, this has often arisen for a variety of reasons, including the medication and dose being transcribed incorrectly or simply the wrong dose being given. It is important to be aware of this potential clinical risk when managing such patients. Whilst hospital-only prescribing of ethinyl estradiol, which has been implemented in both ours and other pediatric endocrine units, has reduced the frequency of misprescribing, it has not been able to abolish dispensing errors such as occurred in the fourth patient.
In conclusion, whilst ethinyl estradiol provides a readily available and convenient mode of pubertal induction and HRT in hypogonadal girls, clinicians need to be aware of the potential for patients to receive inappropriate doses of natural estrogens in error.
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